Five new ent-abietane diterpenoids, ent-abierubesins A-E (1-5), and two new ent-kauranoids, hubeirubesins A and B (6, 7), together with three known diterpenoids (8-10), were isolated from the aerial parts of Isodon rubescens. Their structures were identified by means of extensive spectroscopic analysis, and the absolute stereochemistry of 1 was determined by single-crystal X-ray diffraction experiment. Isodon rubescens; ent-abietane; ent-abierubesin; ent-kaurane; hubeirubesin As an important class of diterpenoids, ent-abietanoids are not so widely spread and structurally diverse as their enantiomers, abietanoids. Among ent-abietanes, 12,17-olide-type ones are in a majority and isolated from plants of Euphorbiaceae and Acanthaceae families.
Results and Discussion
The aerial parts of I. rubescens (10 kg) were extracted with 90% aqueous EtOH at room temperature and then the extract was partitioned between EtOAc and H 2 O. Repeated chromatography of the EtOAc soluble portion (550 g) yielded five new (1) (2) (3) (4) (5) and two known (8, 9) ent-abietane diterpenoids, together with two new (6, 7) and one known (10) ent-kaurane diterpenoids (Fig. 1) . By comparing the spectroscopic data with literature values, three known compounds (8) (9) (10) were identified as hebeiabinin B (8), 7) ent-abienervonin C (9), 8) and rubescensin G (10), 9) respectively. ent-Abierubesin A (1) was obtained as colorless pieces in MeOH. The molecular formula was determined by positive high resolution-electrospray ionization mass spectrometry (HR-ESI-MS) as C 20 C-NMR and distortionless enhancement by polarization transfer (DEPT) spectra of 1, signals of a ketone carbonyl, a trisubstituted olefine, nine methylenes (including three oxygenated ones), three methines, one oxygenated and two nonoxygenated quaternary carbons, and two methyl groups were present (Tables 1, 3 ). Compound 1 retained three degrees of unsaturation except above-mentioned olefinic and carbonyl groups, and lacked one nonoxygenated quaternary carbon relative to the classical entkaurane skeleton, suggesting 1 to be a tricyclic diterpenoid.
Comparison of NMR spectra of 1 and the known tricyclic ent-abietanoid, hebeiabinin B (8), 7) revealed great similarities except for one carbonyl group in 1 instead of the oxymethine group at C-3 in 8. This difference was confirmed by heteronuclear multiple bond connectivity (HMBC) correlations from H-5 (δ H 2.54), H 2 -18 (δ H 4.17, 3.51), and H 3 -19 (δ H 1.01) to C-3 (δ C 216.2).
Based on the assumption of the same configurations of 1 and 8, rotating frame Overhauser effect spectroscopy (ROESY) correlations of H-5/H-9/H 2 -18 and H 3 -19/H 3 -20, together with correlations of both H-13 and H 3 -20 with H-11α, suggested that H-5/H-9/H 2 -18 were all in β-orientations on the contrary to α-orientations of H 3 -19/H 3 -20/H-13 ( Fig. 2) . 1 was crystallized in MeOH to afford a crystal of the orthorhombic space group P2 1 2 1 2 1 which was analyzed by X-ray crystallography (CCDC 894929, Fig. 3 ). Bearing on five oxygen atoms in the molecular, the final refinement on CuKα data resulted in a Flack parameter of 0.01(12), 10) allowing an unambiguous assignment of the absolute configuration of 1 as an ent-abietanoid with charity centers of 4S, 5S, 9R, 10S, and 13R. Thus, compound 1 was elucidated as 15,16,17,18-tetrahydroxy-entabiet-7-en-3-one.
The molecular formula of ent-abierubesin B (2) was C 20 H 34 O 5 with four degrees of unsaturation, judging from the pseudo molecular ion peak at 377.2297 ([M+ Na] + , Calcd for C 20 H 34 O 5 Na: 377.2303) in its HR-ESI-MS spectrum. 1D-NMR data of 1 were quite similar to those of 8. Based on heteronuclear singular quantum correlation (HSQC) and HMBC experiments, two compounds were concluded to share the same planar structure. Differently, C-3 (δ C 81.1) and C-5 (δ C 51. 8 C-NMR data of 5 and rubescensin G (10), two compounds took similar A-and B-rings, just like a common 7,20-epoxy-ent-karanoid. Differently, 5 showed the presence of an ester carbonyl and a trisubstituted C= C group instead of a ketone group at C-15, a quarternary carbon at C-8 and an oxymethine at C-14 in 10. The different substructure of 5 was easily deduced as two joint spin systems, namely H-9/H 2 -11/H 2 -12/H-13/H-14 and H-13/H-16/H 2 -17, due to HSQC and 1 H-1 H COSY spectra. In addition, HMBC correlations from hydrogens of OCH 3 and CH-16 groups to the ester carbonyl (C-15) and from H-9 to C-14 implied an methyl ester at C-15 and a closed C-ring.
The relative stereochemistry of compound 5 except for C-16 could be easily judged from the same ROESY correlations as 10. After the energy-minimized conformation of 5 was carefully observed in Chem3D software, C-ring was found to be a half-chair conformation unlike the boat one of 10 (C-8/-9/-12/-13/-14 almost in one plane in Fig. 4 ). This change arose on account of the coplanar double bond in C-ring. To minimize steric hindrance, the C-13/C-16 bond tended to be staggered conformation so as to make H-13/H-16 in anti-or gauche-orientation. According to the Karplus equation 12) and its application in elucidating the configuration of natural molecules, 13 ) the large coupling constant ( C-NMR spectra of 6 and isodoglutinosin A, 14) it was guessed that the acetoxymethine (δ H 7.51; δ C 74.8) in 6 replaced the ketone carbonyl at C-15 in isodoglutinosin A, leaving the only unconjugated ketone group (δ C 210.7) at C-7 in 6.
15)
HMBC correlations of H-15 with C-7, C-8, C-9, C-16, C-17 and the carbonyl at δ C 171.0, and of H-5 (δ H 1.52) and H-6 (δ H 5.23) with C-7 proved above guess (Fig. 5 ). In the ROESY spectrum, correlations of H-6/H 3 -19/H 3 -20, H-14/H 3 -20, H-1/H-5β/H-9β and CH 3 COO-15/H-9β/H-11β/H-12β established β-oriented HO-6, HO-14, and AcO-15 groups, and an α-oriented HO-1 group. Compound 6 was therefore confirmed as 1α,6β,14β-trihydroxy-15β-acetoxy-ent-kuar-16-en-7-one.
HR-EI-MS spectrum of hubeirubesin B (7) revealed [M] + ion peak at m/z 416.2193, corresponding to the C-NMR and DEPT spectra of 7, together with the maximum UV absorption wavelength at 206 nm just like 6, exhibited two acetoxy groups, two oxymethines, an unconjugated olefine, and two ketone carbonyls. The NMR data of 7 were very similar to those of rabdosinatol 16) except for one carbonyl at δ C 207.0 in 7 instead of the oxymethine at C-7 or C-14 in rabdosinatol. Obvious HMBC correlations of H-5 (δ H 1.94) and H 2 -6 (δ H 3.11, 2.46) with the carbonyl and of H-14 (δ H 5.80) with C-12 (δ C 33.9) and C-16 (δ C 151.2) assigned the carbonyl at C-7 unambiguously. β-Orientations of the acetoxy substituents at C-14 and C-15 were confirmed by key ROESY correlations of H-14/ H 3 -20 and CH 3 COO-15/H-9β/H-11β. Accordingly, compound 7 was established as 14β,15β-diacetoxy-ent-kuar-16-en-3,7-dione.
8,15-seco-ent-Kauranoids, such as rubescensins T 17) and U, 18) and ent-abietanoids have almost the same skeleton but are distinguished by the orientation of the substituent (e.g. -H, -OH, or -OOH) at C-8 all the time.
2) On the contrary, cleavage of C-8/C-15 bond of ent-kauranes was confirmed to yield ent-abietanes rather than 8,15-seco-ent-kauranes by several chemists at first, [19] [20] [21] [22] and was later thought to reverse the configurations of C-8 and C-9.
23) In addition, more and more ent-abietane analogues (with H-8α and H-9β) bearing Similarly, 5 resembled 10 so much in structure (including configurations) that 5 can be assumed to derive from 10 by means of usual cleave, dehydroxylation, and oxidation. In summary, distinguishing ent-abietane and 8,15-seco-ent-kaurane by the configuration of C-8 seems to be useful and authentic only in categorizing structures, but not in predicting biogenesis. For the quantity limit of 5, the cytotoxicity of only compounds 1-4 and 6-10 against HL-60, SMMC-7721, A-549, MCF-7 and SW480 cell lines was evaluated by reported MTT method. 26) But all tested compounds were not cytotoxic (IC 50 values >40 µm) against any selected cell line.
Experimental
General Procedures Melting points were measured on an XR4A apparatus that were uncorrected. X-Ray data was determined using a Bruker APEX DUO instrument. Optical rotations were measured with a JASCO P-1020 polarimeter. UV spectra were obtained using a Shimadzu UV-2401A spectrophotometer. A BioRad FtS-135 spectrophotometer was used for scanning IR spectroscopy with KBr pellets. NMR spectra were recorded on Bruker AM-400, AM-500, and DRX-600 spectrometers. HR-ESI-MS and HR-electron impact (EI)-MS were performed on a VG Autospec-3000 spectrometer and a Waters AutoSpec Premier spectrometer P776, respectively. Column chromatography (CC) was performed with silica gel (100-200 mesh, Qingdao Marine Chemical, Inc., Qingdao, People's Republic of China), Lichroprep RP-18 gel (40-63 µm, Merck, Darmstadt, Germany) and MCI gel (75-150 µm, Mitsubishi Chemical Corporation, Tokyo, Japan). Preparative HPLC and semi-preparative HPLC were performed on an Agilent 1100 liquid chromatograph with a Zorbax SB-C 18 (9.4 mm×25 cm) column and on a Shimadzu LC-8A preparative liquid chromatograph with a Shimadzu PRC-ODS (K) column, respectively. Fractions were monitored by TLC, and spots were visualized by heating silica gel plates sprayed with 5% H 2 SO 4 in EtOH. Petrol ether (PE, 60-90°C), EtOAc, CHCl 3 , acetone, MeOH, EtOH were analytical grade and produced by Sinopharm Chemical Reagent Co., Ltd., China. All solvents were distilled prior to use.
Plant Material The aerial parts of Isodon rubescens (Hemsl.) Hara were collected in Jianshi County, Hubei Province, P. R. of China, in September 2010, and identified by Prof. Tables 2 and 3. 
